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The present invention relates to flow 'meters 
and more particularly to a variable area ?ow 
meter. ' 

Some of the objects of the present invention 
are; to provide an improved flow meter; to pro 
vide a flow meter wherein the pressure drop of 
fluid traversing an ori?ce is maintained at a pre 
determined value;' to provide a flow meter where 
in variations ‘of pressure drop across an ori?ce 
from a given value are caused to automatically 
operate a novel mechanism to restore the pres 
sure drop to the normal given value; to provide 
a flow meter wherein the area of an ori?ce is 
automatically varied to maintain a predeter 
mined value of ?ow; to provide a ?ow meter sys 
tem wherein the rate of flow through an ori?ce 
is continuously indicated, such system giving an 
extremely accurate flow indication; and to pro 
vide other improvements as will hereinafter ap 
pear. ‘ 

In the accompanying drawings, Fig. l repre 
sents a side elevation, in part section, of a varia 
ble ?ow system embodying one form of the pres 
ent invention; Fig. 2 represents a fragmentary 
section of an adjustable ?ow ori?ce showing a 
modi?ed form of control valve; Fig. 3 represents 
a like section showing another modi?cation of 
the control valve; Fig. 4 represents a face eleva 
tion of the dial for indicating the rate of ?ow 
of the medium under control; and Fig. 5 repre 
sents a longitudinal section, on an enlarged scale, 
of one form of'an electro-magnetic motion re 
sponsive device'used in the system. 
Referring to the drawings, one form ‘of the 

present invention comprises a conduit in through 
which the flow of gas or liquid to be controlled 
enters to traverse a chamber I i and be discharged 
by way of an ori?ce I2 through the outlet pas 
sage [3. 
For ‘controlling the area of the ori?ce 12, a 

valve [4 is provided to open, close, and regulate 
the ori?ce, this valve M, as here shown, being 
carried by a stem 15 mounted for reciprocation 
in an elongated stuffing or packing box l6, and 
from which the stem [5 projects‘ for engagement 
by a suitable actuating mechanism. In this in 
stance, the stem [5 is threaded through a leader 
sleeve‘ I] and terminates in keyed relation to a 
driven gear l8 so that as the gear 18 turns, the 
stem IE will be fed in the direction required to 
shift the valve Hi according to the direction in 
which the gear I8 is turned. The sleeve i1 is 
?xedly mounted upon a support arm 20 attached 
to a convenient ?xed part. Motion is transmitted 
to the gear I8 by a driving pinion 2| carried by 
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the shaft 22 of an electric motor 23, and a con 
stant intermeshing oi the gear [8 and pinion 2i 
isensured during any linear motion of the valve 
stem 15‘ by, preferably, making the width of the 
gear [8 greater than the length of any linear 
travel of the valve stem l5. As here shown, the 
motor 23 is of thetwo phase type, one phase 
being supplied from‘the A. C. source by conduc 
tors 24, and the other phase by conductors 23v 
from an ampli?er unit 25. , 
.From the foregoing it ‘will be seen that rotation 

of the motor 23 in ‘one direction will shift the 
valve Hi to ‘enlarge the ori?ce l2 and increase 
the ?ow of the medium, while rotation of the 
motor 23 in'the opposite direction will shift the 
valve M to reduce the ori?ce l2 and decrease the 
?ow of the medium. . 
For the purpose of ‘energizing the motor 23 as 

a function of the ?ow of the medium traversing 
the ori?ce l2, an electro-magnetic motion re 
sponsive unit 21,_'such, for example, as shown in 
United States Letters Patent No. 2,427,866, is pro 
vided wherein a primary coil 28 is arranged to 
be energized by low voltage supplied by conduc 
tors 33 from a transformer (not shown, but a 
part of. the ampli?er assembly 26, which is of 
well-known type) such transformer being sup 
plied by voltage from conductors 3| from the 
A. C. voltage source. The primary coil 28 is ar 
ranged ‘for inductive coupling between two coils 
32 and 33, and balance and unbalance of the 
motion responsive unit 21 is in response to the 
axial displacement of a core armature 34. The 
two coils 32 and‘ 33 are series wound in electrical 
opposition and the two terminals 29 therefrom 
deliver any developed voltage output to the am 
pli?er. The aforesaid coils 28, 32 and 33 are 
mounted as a unit for longitudinal sliding ad 
justing movement upon a closed end tube 35 
within which the armature 34 is loosely and freely 
movable. This adjustment makes it possible to 
so relatively position the two secondary coils to 
the armature that a‘ null position can be set as 
will later appear. ‘ Thus, a ‘change of armature 
position‘with respect to the‘coils 32 and 33 will 
produce a difference ‘of potential between the 

, terminals 29 and deliver a voltage output to the 
ampli?er assembly 26, the instantaneous polarity 
of such output reversing according to the direc 
tion of movement of the armature. 
In order to shift the armature 34 in response 

to ?uid flow variations, the armature 34 is ?xed to 
one end of a rod 36, which projects axially from 
the open end of the tube 35 to join a ?exible dia 
phragm 31 mounted between two abutting parts 
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of a casing 38. This casing 38 forms a two cham 
ber box of suf?cient dimension to accommodate 
the relatively large diaphragm 37, one chamber 
40 communicating by way of a pipe 4! with the 
flow inlet chamber. I I, and the other chamber 42 
communicating by way of a pipe 43 with-the out 
let passage 13. Thus, the casing 38, tube 35, 
pipe 4|, and pipe 42 form a complete pressure-re 
sponsive unit sealed against atmospheric pres 
sure. When the position of the valve I4 is in the 10' 
null position, as determined by the setting of the , 
coils 32 and 33 with respect to the armature '34 _ 
no e?ective voltage will be supplied 'to'th‘e con 
ductors 25, and a constant ‘predetermined pres 
sure drop is maintained across the ori?ce l2 and 
the control mechanism remains passive. How 
ever, an increase in the rate of flow in the con 
duit 10 will cause an increased pressure drop 
across the ori?ce I2, whereupon thepressure in 
the chamber 40 iurth'erpre'dominates over that 
in the chamber 41 vand v‘the diaphragm ‘37 'moves 
to the left, as vviewed in Fig. -1, whereupon'the 
armature 34 shifts to unbalance theicoils 32 and 
33 so that a voltage is supplied by conductors 29, 
ampli?er 26 and conductors 25 to the two phase 
motor 23 to produce rotation in‘the correctdirec 
tion to caus'ethe valve stem l'5‘to adjust the valve 
54 to such new position relative to ‘the ori?ce 12 
as will restore the pressure "drop to the previous 
selected value null position. 
decrease in the rate ‘of flow in the conduit 10 
will reverse the "operation, so vthat the valve I4 
is moved in the opposite direction to 'restore'the 
desired pressure drop. 
For indicating the pressure drop across the ori= 

?ce [2, a dial 44 is provided'and'suitably mounted 
for observation, the same being graduated, for 
example, in "gallons per minute. A pointer '45 
parallels the face of the dial 44, being coaxially 
mounted upon a spindle 46 driven by 'agear 47 in 
mesh with the driven gear It. The gear ratios 
are such that large ampli?cation of the 'motor 
motion is obtained whereby minute variations of 
flow are ‘indicated. ' _ _ 

'In the form of the invention shown in Fig. ‘2, 
the ori?ce '50 is arrang'ed'to'be controlled by a 
conical plug valve 5|, which as in the form ‘of 
Fig. 1, is attached by the valve stem ‘52 for re 
ciprocation by the motor driven mechanism. 
Various curvatures may be given vto the plug to 
obtain desired characteristics. 

In the 'form ‘of the invention shown ‘in Fig. 4, 
‘the ori?ce 53 is arranged to be controlled by a 
gate valve 54 carried by the valve ‘stem 55 for re 
ciprocation by the motor driven mechanism. 
In operation, the coil unit is initially shifted 

relative to the armature 34, so that the motor 
23 runs in the proper direction to move the'valve 
M to the position which will give‘the predeter 
mined pressure drop at which the ‘system vis to 
be maintained. This position will be indicated 
by the pointer 45 on the dial 44,"and when'so ‘in 
dicated the coil ‘unit is moved linearly'upon its 
supporting tube 35 until the'dial pointer 45 in 
dicates the null ‘point has been‘reached, where 
upon the coil ‘unit is left at a ?xed position, and 
the‘armaturev-34 is subject to any variationin 

In like manner a - 
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4 , 
?exing of the diaphragm 31 from its null ?exed 
position. Thereafter, any variations in pressure 

. drop functions as heretofore explained to restore 
the system to give the constant pressure ?ow drop 
selected. _ 

Having thus described my invention, I claim: 
1. In ?ow meters, a conduit for ‘the passage of 

?uid under pressure having an ori?ce in the path 
of such ?uid, means forming a closed chamber 
"communicating only with said conduit at op 
posite sides respectively of said ori?ce, a dia 
phragm extending across said chamber and sub 
ject atone side. to the pressure at the inlet side 
of said ori?ce and at the other side to the pressure 
at the outlet'side of said ori?ce, said chamber 
including a tube generally normal to said dia 
phragm substantially concentric with the center 
of said diaphragm, said tube having a closed end 
presenting away from the diaphragm, an arma 
ture disposed in said ‘tube, and means wholly 
within the chamber connecting the armature ‘to 
the diaphragm to position the .armature with 
displacements vof the'diaphragm in a packless as 
sembly, a stator of a di?erential transformer com 
prising primary exciting means and secondary 
windings in ‘inductive relation thereto in an air 
gap vrelation, said stator mounted externally on 
sai'd’tube to'form with said armature a‘di?erential 
transformer having a substantially null output 
‘when the armature and stator are substantially 
mutually centered andhaving an output of ‘one 
phase ‘or an opposite phase with relative displace 
ments of the armature and stator in onejsense or 
the other from said substantial n'ull‘relative set 
ting, when said exciting means is energized 
with A. ‘C. . 

2. In flow meters as recited inv claim 1, in 
which the said stator ‘is axially adjustable ‘on 
said tube to establish the substantially null out 
put condition with a given diaphragm displace 
ment corresponding to a predetermined pressure 
drop across said ori?ce. ’ . 

WILLIAM B. MA’CGEORGE. 
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